Objectives: To determine whether the socioeconomic and nutritional status of cured leprosy patients with residual deformity, and their household members, was lower than that of cured leprosy patients without deformity. Design: Cross-sectional study. Subjects: One hundred and ®fty-®ve index cases with deformity, 100 without deformity. Also 616 household members comprising 48% of the total members enumerated. Measurements: Nutritional status was evaluated using anthropometry. Disease characteristics, socio-economic parameters and household information were recorded using a questionnaire. Results: Index cases with deformity had lower community acceptance (P`0.001), and employment (P`0.001) than those cases without deformity. Households of index cases with deformity had a lower income (P`0.01) and a lower expenditure on food (P`0.05). The presence of deformity (odds ratio (OR): 2.1 ± 3.2, P`0.01), unemployment (OR: 2.3 ± 4.3, P`0.01) and female gender (OR: 2.4, P`0.01) signi®cantly increased the risk of index cases being undernourished, as judged by body mass index (BMI) alone, or BMI and mid-upper arm circumference. A low BMI (`18.5) in the index case signi®cantly increased the odds of other adults (OR 2.2), adolescents (OR 2.9 ± 3.8) and children (OR 2.2) in the household being undernourished. Conclusions: Cured leprosy index cases with physical deformity are more undernourished than index cases without deformity. This is associated with a reduced expenditure on food, possibly brought on by increased unemployment, and a loss of income. Undernutrition in the index case increases the risk of undernutrition in other members of the family.
Introduction
The total number of leprosy patients in 1985 was estimated at 12 million, of which 4 million were in India (WHO, 1988) . While there has been a dramatic reduction in the world prevalence of the disease of 85% over the succeeding 15 y (WHO, 1997), South and South-East Asia continue to be a major reservoir of infection (WHO, 1995a) . Moreover, almost 80% of all new cases detected in the 10 most endemic countries are registered in India (WHO, 1995a) .
It is estimated that India has 1 million individuals with disabilities attributable to past and present leprosy (WHO, 1995a) . It is the physical stigma of leprosy that de®nes the disease in the eyes of the lay person (Smith, 1992) , and which limits the individual both in economic and social terms Kopparty, 1995; Max & Shepard, 1989) .
The premise of this study is that adult individuals with physical deformities suffer loss of wages and employment opportunities, particularly in communities where physical labour is the primary source of employment. The loss of employment leads to a reduction in the purchasing power of the individual, a consequence of which may be a lower energy intake and a compromised nutritional status, both for the individual, as well as for other household members. It is conceivable that women with a leprosy-induced deformity are particularly vulnerable to the consequences outlined above, because of the limited empowerment of women in India (Rao et al, 1996) .
This study was conducted in order to determine whether the socioeconomic and nutritional status of individuals with leprosy-induced deformities and their household members was lower when compared with a group of leprosy patients without deformity from the same geographical area. In addition, this study also sought to delineate the role of gender in the putative relationship between deformity and nutritional status. While the leprosy patient suffers from unique social pressures, especially in the presence of identi®able physical stigmata, this study provides a framework for understanding the potential links between general physical disability and nutritional status in a developing country.
Methods

General design
This study was conducted between January and July, 1997, at the Emmaus Swiss Leprosy Project (ESLP) in Palamaner, South India. This project serves the medical needs of a population of approximately 1.7 million people. The project area is divided into 56 subcentres, each under the control of a paramedical worker. Identi®cation of new cases, drug delivery and follow-up of leprosy patients is carried out through a mobile medical clinic service covering a total of 242 separate clinic points every month. The present study was conducted in 47 of the 56 subcentres, and was incorporated into the mobile clinic service. Prior to each clinic the paramedical workers identi®ed subjects, ®lled up a preliminary questionnaire, and motivated subjects and members of their household to attend their respective clinics. At the clinic point, the questionnaires were checked and ambiguities clari®ed. The nutritionist accompanying the mobile clinic team performed an anthropometric assessment of the subject and household members.
Subjects
A total of 255 adult index cases with cured leprosy, between the ages of 18 and 55 y, were studied. These comprised 85% of the subjects motivated by paramedical workers to attend the clinics. The subjects were motivated on the basis of the proximity of their homes to the mobile clinic point, since this was considered the most likely determinant of the response rates of the household members. Thus, the index cases recruited do not constitute a random sample of the index cases in the project area. However, in order to eliminate any bias in recruitment, the paramedical workers were not noti®ed about the objectives of the study.
The index cases were divided into two groups: (1) subjects with a grade 2 (WHO, 1988) deformity (males 101, females 54); and (2) subjects without deformity (males 66, females 34). The index cases with deformity constituted 12% of the total living leprosy cases with deformity in the project area (n 1259).
Assessments, outlined below, were performed on the index cases and their household members. Five index cases (four deformity and one non-deformity) were unavailable for assessment. However, their family members were assessed. A total of 616 household members constituting an average of 2.4 members per household and comprising 48% of the total number of household members (excluding index cases), underwent a nutritional status assessment. At least one household member of each index case was assessed. The 616 household members included 234 children (122 male, 112 female), 68 adolescents (30 male, 38 female) and 314 adults (116 male, 198 female).
Questionnaire
The paramedical worker administered a two-part questionnaire as part of the assessment. The ®rst part sought general information on the subject and the household members with regard to age, gender, religion, education, occupation and income status. The occupation and income of the index cases before and after the advent of leprosy was also recorded. Socioeconomic classi®cation of the subjects was done using Prosad's updated classi®cation system (Chandra & Ahmad, 1987) . Total family income and occupation are the variables used in the scale. In our analysis of socio-economic status, we utilized per capita income, rather than the total income of the family, as the latter does not take into account the size of the family. The second part of the questionnaire focussed on disease characteristics including the type of leprosy, duration of disease and nature and extent of deformity. A trained ®eld worker recorded the extent of deformity after a thorough examination of the subjects. All subjects with deformity ful®lled the criteria for classi®cation into the WHO grade two category (WHO, 1988) .
Anthropometry
Standing height was measured using a portable stadiometer (Nivotise Brivete, Depose, France) and recorded to the nearest 0.1 cm. Body weight was measured to the nearest 0.1 kg using a digital weighing scale (Soehnle Digital S, West Germany). The weighing scale was calibrated twice weekly during the measurement period using known weights. The nature of the ®eld study did not allow weight to be measured in minimal clothing. Subjects were therefore measured in their normal daily clothing. This consisted of a sari and blouse for women, a shirt and either trousers or`lungi' for men and light day clothing for the children. Subjects were barefoot for both height and weight measurements. Body mass index (BMI) was calculated as weightaheight 2 (kgam 2 ) for adult subjects aged 18 y and over.
Mid-upper-arm circumference (MUAC) and triceps skinfold thicknesses were measured on the right side of the body of each subject, by a single observer. The techniques used were those adopted at the NIH sponsored Arlie Conference on the standardisation of anthropometric measurements. (Lohman et al, 1988) . MUAC was measured using a¯exible tape measure and skinfold thicknesses were measured using a Harpenden skinfold caliper (John Bull, British indicators Ltd, England). The mean of three skinfold measurements was used in the analyses.
The nutritional status of children, adolescents and adults were de®ned from the anthropometric measurements obtained, as follows:
Children. Children were de®ned as being equal to or less than 12 y of age, based on the Indian Council of Medical Research (1996) reports that Indian children from high socio-economic groups correspond to the NCHS standards up to the age of 14 y for males and 12 y for females. Nutritional status was de®ned by calculating the Z-scores for weight for age (WAZ) and weight for height (WHZ) using the NCHS reference data (Hamill et al, 1979) . A Z-score of less than 72 was used as the cut off to de®ne those with a compromised nutritional status.
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Adolescents.
For the present study we de®ned adolescents as those aged 12 ± 18 y. Nutritional status was determined by BMI for age as recommended by the WHO (1995b); those with a BMI for age less than the 5th percentile were designated as having a compromised nutritional status. MUAC for age, WAZ and WHZ were also considered in this population.
Adults. Adults were de®ned as 18 y and over. A compromised nutritional status was de®ned by three classi®cation systems: (1) a simple BMI cut-off of`18.5 (WHO, 1995b; Ferro-Luzzi et al, 1992) ; (2) a BMI cut-off of less than 17 indicating moderate to severe thinness (WHO, 1995b) or moderate to severe chronic energy de®ciency (CED) (Ferro-Luzzi et al, 1992) ; and (3) a BMI of between 17 and 18.4 (mild thinness, WHO, 1995b) with a MUAC of less than 23 for women and 24 for men (WHO, 1995b) to differentiate between those who are normally nourished and those with a compromised nutritional state in this BMI category.
The repeatability of the information obtained from the questionnaires, as well as anthropometry, was assessed in a convenience sample of 24 index case households, through a repeat assessment done 2 ± 4 months after the ®rst. Anthropometry was performed by the same observer, while the questionnaires were administered by ®eld supervisors of the paramedical workers.
Statistics
For ease of reference and statistical analysis, we divided the index subjects into the following four groups, based on gender and the presence or absence of deformity: males with deformity (D-males); non-deformity males (NDmales); females with deformity (D-females); and nondeformity females (ND-females).
The data was analysed using SPSS for windows (Version 6.1, 1994, SPSS Inc., IL, USA). Independent t-tests were used to detect differences between the deformity and non-deformity cases for continuous socioeconomic variables, and chi-square analysis was used for categorical variables. Paired t-tests were used to assess within-subject comparisons. A two-way ANOVA was used to determine differences in the anthropometric measures by deformity status and gender of the cases. Differences were considered signi®cant at the 5% level (P`0.05). A forward stepwise likelihood ratio logistic regression analysis was used to determine signi®cant predictor variables for a relative risk of a compromised nutritional state in the index case and their household members. The odds ratios and 95% con®dence intervals for these coef®cients were calculated.
Ethics
Ethical approval was obtained from the Deakin University Ethics Committee, Melbourne, Australia and the St Johns Medical College Ethics Review Committee, Bangalore, South India. Informed consent was obtained from each subject who participated in the study.
Results
Repeatability of the data On reassessment of the questionnaire there were no signi®cant differences in any of the parameters, nor were there differences on reassessment of nutritional status by anthropometric measures, with the exception of weight which was 0.2 kg higher during the second assessment. The intra-class correlations between the two assessments were generally high, with the exception of the data pertaining to number of earning household members and the amount of money spent on food (Table 1) .
Subjects
Male index cases with deformity were marginally older than their counterparts without deformity (42 + 8 vs 38 + 9 y, P`0.001), while the females in the two groups had comparable ages (41 + 7 vs 38 + 9, NS). Household size and composition were similar in the deformity and non-deformity groups while household income, the number of earning members and the amount of money spent on food were all signi®cantly higher in the non deformity group (Table 2 ). The occupations of the two groups, as de®ned by the primary earner in the household, were similar. The majority of cases in both groups were employed as agricultural coolies or labourers (60% of deformity cases; 54% of non-deformity cases). Other Leprosy and nutrition B Diffey et al common occupations included small businesses (ie roadside small shopsatea stalls etc) and farmers with their own land. A total of 31% of non-deformity cases owned their own land compared with 16% of deformity cases (w 2 test, P 0.02). This difference was not signi®cant when male and female index cases were analysed separately.
A greater proportion of deformity subjects were placed in the lower socio economic (SE) classes (4 ± 5) and a smaller proportion in classes 1 ± 3, as compared with nondeformity subjects (w 2 test, P`0.01). There was no signi®cant difference in the proportion of female to male cases in each category, with 69% of females and 63% of males falling in the lower two SE grades. The difference observed in relation to deformity status was largely due to a higher proportion of D-male households belonging to the lower socioeconomic group when compared with ND-male households (73% vs 52.4%; w 2 test, P 0.006). There were no signi®cant differences in socioeconomic status of the households of the deformity and non-deformity female index cases.
ND-males had a higher level of education than D-males (w 2 ; P 0.02). No differences in education levels were seen in females (Table 3) . On average, females were more illiterate compared to males (86% vs 54%, w 2 test, P`0.001). Table 3 also highlights the changes in community acceptance, occupation and employment status in the index cases following the advent of leprosy. Irrespective of the gender group studied, there were signi®cant differences in all three parameters, when deformity cases were compared with non-deformity subjects. Leprosy patients with deformity were not accepted as well by the community than patients without deformity (P`0.001). The change in income of the index case prior to and following the advent of leprosy differed between groups (Figure 1 ). Non-deformity subjects showed a signi®cant gain in income while deformity subjects lost income (P`0.001). This was true both for males and females. Thus, the change in income following the advent of leprosy in males with deformity was 760.4 + 132.6 Rsaweek, compared with 45.2 + 125.8 Rsaweek in males without deformity (P`0.01). The corresponding values in females were 730.0 + 68.4 and 11.9 + 57.1 Rsaweek respectively (P`0.01). In the deformity and non-deformity groups, both prior to and after the disease, women earned less than half the wages of men (P`0.01).
Nutritional status of the index case
The results of the anthropometric assessments for the groups studied are presented in Table 4 . Within each gender group, body weight, BMI and MUAC were signi®cantly lower in deformity cases as compared with nondeformity cases. When based on the BMI cut-off of 18.5, there was a signi®cantly higher proportion of deformity cases with a compromised nutritional status. Figure 2 demonstrates that of those with a BMI of less than 18.5 a higher proportion of deformity cases had moderate to severe chronic energy de®ciency (`17 kgam 2 ). This was true in both males (21% deformity vs 5% non-deformity) and females (35% deformity vs 9% non-deformity). A further differentiation of cases with BMIs between 17 and 18.4 was attempted using the MUAC cut-offs of 24 cm for men and 23 cm for women. This sub-division failed to detect any signi®cant difference between the groups studied.
Relative risk of compromised nutritional status A logistic regression analysis was performed to determine the best predictors of a compromised nutritional status in the index case, (Table 5 ). The presence of deformity, being female, being illiterate and being unemployed, independently increased the odds of a low BMI, by a factor of between 2.1 and 4.3 depending on the classi®cation system used to de®ne a compromised nutritional state. Based on the goodness of ®t of the overall correct classi®cation, the best model included unemployment (OR 4.3) and illiteracy (OR 2.6) as signi®cant predictors of a compromised nutritional status de®ned as a BMI`17 kgam 2 (Table 5) . However, the odds of being unemployed increased with the presence of deformity (OR 10.1; P`0.0001) and being female (OR 8.1; P`0.0001). Following the advent of leprosy.
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Nutritional status of the other household members
The in¯uence of the nutritional status of the index case on the nutritional status of the children, adolescents, and other adult household members is also demonstrated in Table 5 . Variables included in the logistic regression were sex of the household members, and the gender, deformity and nutritional status of the index case. The nutritional status of the index case signi®cantly in¯uenced the nutritional status of other household members. Depending on the cut-off used, a compromised nutritional status of the index case increased the odds of other adults in the household having a low BMI by between 2.2 and 2.7. For some of the cut-offs, being female signi®cantly added to the odds (OR 2.0 ± 2.6; P`0.05). Similar conclusions were reached with the data on adolescents and children. It was evident that if the index case had a low BMI then the odds of an adolescent having a low BMI for age or a low MUAC for age increased by 2.9 and 3.8 times, respectively. Male adolescents also had signi®cantly greater odds of a compromised nutritional status. A low BMI of the index case increased the odds of children having a low WHZ (index case BMI`18.5), WHZ (index case BMI`17) and WAZ score by 2.2, 4.3 and 2.7 times respectively. If the index case was female, children were at increased odds of a compromised nutritional status (OR 1.9, P`0.05).
Discussion
There is limited literature on the links between leprosy and nutrition. One segment of literature is devoted to the possible role that undernutrition plays in the genesis of leprosy, possibly by compromising immune function (Foster et al, 1988) . A second segment explores the consequence of leprosy with regard to nutritional status in the index case (Oh et al, 1998) and the family (Saha et al, 1990; Chattopadhya et al 1992; Duncan, 1985) . This study attempts to better understand the consequences of leprosy on nutrition, especially in the presence of deformity.
In consonance with the premise of this study, our data demonstrates that the households of cured leprosy patients with residual deformity have a reduced income compared with cured leprosy patients without deformity. The data further shows that these households spend less money on acquiring food. This must be interpreted with caution, however, since there was a poor intra-class correlation of repeated assessments of money spent on food. Leprosy patients with deformity have increased under-nutrition and this, in turn, is related to a compromised nutritional status in other members of the family.
The reduced income in leprosy patients with deformity was related both to a change in employment status as well as a reduction in wages. These factors have been highlighted in an earlier study (Max & Shepard, 1989) . Thus, leprosy patients were likely to be unemployed by more than 20%, and also earned 14 ± 38% less in wages per day, when compared with healthy control subjects. The authors of that study suggested that the probability of gaining employment would increase from 42.2% to 77.6% in the absence of deformity. The reduced employment of leprosy patients with deformity is undoubtedly, in part, related to decreased community acceptance demonstrated in this and other studies : Rao, 1992 . In addition, it is conceivable that the presence of deformity itself limits the individual in the performance of several activities (van Brakel & Anderson, 1997) , leading to reduced employability. This is likely to be particularly true in an agrarian society where approximately 75% of the population is engaged in agriculture and other labour (Gulati, 1995) .
At the start of the study we had postulated that gender would be a factor in determining the nutritional status of the index case and that of the household. This was based on Figure 1 The impact of leprosy on the income of index cases with and without deformity. Male and female leprosy patients without deformity had signi®cant increases in income (current 7 pre-diagnosis income), while patients with deformity had signi®cant reductions in income. Females earned less than half of what males earned (P`0.01). an understanding that the Indian family is not characterized by intra-household equity. Women are a disadvantaged group when it comes to food, utilization of medical services, leisure, education and access to skill formation (Gulati, 1995) . Studies in rural Bangladesh have indicated that women consistently receive less of their energy requirements than either their children or their husbands (Kramer et al, 1997) . This gender inequality is likely to be more pronounced in leprosy since women are believed to suffer the socio-cultural consequences of leprosy to a greater extent than men (Le Grand, 1997) . It was our contention that the already disadvantaged woman in the household would be at further risk of undernutrition if she were not a wage earner. In this context it is relevant that unemployment and illiteracy, both present to a greater extent in females, were independent predictor variables for the increased risk of undernutrition in the index case. Our ®ndings of increased illiteracy and unemployment in female leprosy patients is similar to that reported in literature (Le Grand, 1997) . Family anthropometry has been recognized as an important strategy for determining community nutrition (Dugdale, 1985) . The pattern of intra-familiar undernutrition is, in part, related to the nutritional status of the headaparents of the family (Monteiro et al, 1997) . Our data supports this observation. A compromised nutritional status in the index case was a signi®cant predictor variable for undernutrition in other members of the household including other adults, adolescents and children. Earlier studies have indicated that the children of leprosy patients are nutritionally compromised (Saha et al, 1990; Chattopadhaya et al, 1992; Duncan, 1980) although these studies differ on the extent to which this phenomenon can be explained by socioeconomic status. Our data also indicate that the female gender of the index case is an independent predictor of undernutrition in the children. In this context, there is some evidence that maternal income goes more directly to feeding children than the income of the father (McGuire and Popkin, 1990 ). This may be especially true in low-income households (Chatterjee and Lambert, 1990) .
In summary, this study has demonstrated that ex-leprosy patients with deformity are at increased risk of undernutrition. This is particularly true of females. The study further demonstrates that when the index case is under- Figure 2 The nutritional status of male and female index cases with and without deformity, determined by BMI categories. There were signi®cant differences in the distribution into BMI categories, between index cases with and without deformity (chi-square test: males P`0.01, females P`0.01). Leprosy and nutrition B Diffey et al nourished, there is a greater risk of other family members being undernourished as well. The gender of the index case may have an important bearing on the nutritional status of children within the household. This study has two important implications. Firstly, it describes the pattern of nutrition in cured leprosy patients with and without deformity and delineates the predictors of undernutrition in the various members of the household. This information will be useful in evolving strategies for identifying most vulnerable households' that require urgent nutritional rehabilitation in the short term, and vocational rehabilitation with a view towards long term self suf®ciency. This is of particular relevance in developing countries where resources are limited and the number of disadvantaged potential recipients of interventions very large. Secondly, although this data has been generated with leprosy patients who face unique socio-cultural pressures, it provides an initial basis for understanding the potential links between physical disability and nutritional status, within the context of a developing country.
